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(57) Abstract: A method of calibrating a computer-controlled printing machine to pro- 
duce printed copies of an original image to a pre -determined standard, comprises: using 
the printing machine to print a reproduction of a step wedge, having patches with densities 
concentrated in a central region of the density range, with the machine set to dot gain values 
corresponding to pre-determined density values on a standard dot gain profile; formulating 
a revised dot gain profile having the same shape as the standard dot gain profile but with a 
maximum dot gain which is equal to the maximum measured dot gain and which is located 
at the density having the maximum measured dot gain; determining revised dot gain values 
for the predetermined density values from the revised dot gain profile; and setting the dot 
gain values in the printing machine in accordance with the revised dot gain values. 
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"Calibrating Printing Machines" 

This invention relates to improvements in or relating to the calibration of 
printing machines. 

The faithfulness with which a printed image produced by a printing machine 
reproduces an original image to a pre-determined standard is termed the transfer 
function of the machine. - 

Modern computer controlled printing machines print images from printing 
plates on which a reproduction of an original image to be printed is formed 
from pixels each of which is composed of an array of dots. The proportion of 
the area of a pixel covered by dots determines the so-called density of the pixel 
and varies from 0% to 100%. When the printing plate is inked and applied by 
the machine to a substrate, such as paper, to form a printed image on the paper, 
the printed dots exhibit a phenomenon called dot gain which affects the transfer 
function of the machine. This dot gain effect is caused by spreading of the 
perimeter or shore line of the ink which forms the dots on the paper and causes 
an increase in the ink-bearing area of the printed pixel, with the result that the 
printed pixel has a greater density than that represented by the area of the dots 
on the corresponding pixel of the printing plate. As is well known, colour 
images are printed in several steps using different coloured inks to print each 
component or colour separations. For any given ink, the degree of dot gain, that 
is the percentage increase in the density of the printed dot over that indicated by 
the pixel on the printing plate, differs depending upon the indicted density of 
the pixel being printed, increasing with increasing density from zero to a 
maximum value at a density in the region of about 50% and decreasing again to 
zero at a density of 100%. 



PCT/GBOl/02248 



2 



Printing machines are also able to produce printing plates with different 
numbers of lines of dots per unit of length transverse to the lines, the number of 
lines per unit of length being known as the screen ruling. It has been found in 
tests that dot gain increases as the screen ruling is mcreased and that, moreover 
the maximum value of dot gain occurs at a different value of density. 

In order to print a reproduction of an^ginal image, the printing machine scans 
the original image to measure the density of the pixels of a notional pixel array 
into which the original image is divided for the purposes of reproduction. The 
dot gain effect has, however, to be taken into account when printing a 
reproduction from the scanned density values. This is achieved by correcting 
the scanned values in accordance with a set or profile of dot gain values set on 
the machine in accordance with information supplied by the manufacturer a 
standard dot gain profile being used for any particular model of machine 
supplied by a manufacturer on the assumption that all machines of that model 
exhibit the same transfer function. 

In practice, individual printing machines of the same model have different 
transfer functions even when new, that is to say the printed result achieved with 
the standard set of dot gain values differs from machine to machine and this 
variance becomes more pronounced as a machine ages. 

Conventionally, in order to produce a faithful or optimised reproduction of an 
original image, a calibration procedure is therefore first carried out on the 
printing machine. This involves using the machine to reproduce a standard test 
ship, known as a step wedge, which carries a sequence of coloured patches or 
targets of the ink which is to be used for an ensuing print job, the ink patches 
being of graded density, varying from 0 to 100% in 5% increments. The density 



WO 01/91453 



PCT/GB01/02248 



3 

of each of the ink patches on the resulting printed strip produced by the printing 
machine is then measured using an instrument known as a densitometer which 
is effectively a reflection photometer arranged to provide an optical 
measurement of the density of each patch on the printed strip. The deviations of 
the measured density values from the corresponding values of the standard dot 
gain profile stored on the machine are then determined and used to set the 

density values to be used for the printj 6b in question. Often this calibration 

/ 

procedure has to be earned out several times before a satisfactory result is 
achieved. 

It is an object of the present invention to provide an accurate and reliable 
method of calibrating a computer controlled printing machine and a calibration 
tool for use in perfonning the method of the invention. 

Accordingly, in one aspect, the invention provides a method of calibration a 
computer controlled printing machine to produce printed copies of an original 
image to a pre-determined standard, comprising: using the printing machine to 
print a reproduction of a step wedge, having patches with densities concentrated 
in a central region of the density range, with the machine set to dot gain values 
corresponding to predetermined density values on a standard dot gain profile; 
measuring the density values of the patches of the printed reproduction of the 
step wedge; determining from the measured density values the position of the 
density exhibiting maximum measured dot gain; formulating a revised dot gain 
profile having the same shape as the standard dot gain profile but with a 
maximum dot gain which is equal to the maximum measured dot gain and 
which is located at the density having the maximum measured dot gain; 
determining revised dot gain values for the predetermined density values from 
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revised do. gain profile; md setting ^ ^ ^ ^ ^ ^ 
niachine in accordance with the revised dot gain values. 

Preferably, the method comprises using a step W e dg e having ten patches at leas, 
-me of which ta . series of pa(cies havjng ^ ^ 

central region of me density range in steps. 



In an .embodiment of me invention,^ of the patches has a density of .00-/. 
end the remaining nine patches have densities ranging from 42% to 58% in 2% 
steps. 

Desirably, tire step wedge is placed on a portion of the print job in an area 
outsrde the image area and the machine is used to produce a reproduction of the 
image plus step wedge. 

Advantogeously, the method of the present invention fimher comprises the 
steps of: using the printing machine ,o print a reproduction of a fine tuning step 
wedge, having patches wM, ranges of density values concentiated a, the end 
regtons of fire density range, with tire revised do, gain values detemfined from 
ae measurement* on the main step wedge; visually checking the patches 
Pttnte by the machine for defects; and adjusting the dot gain values of the 
revtsed profile at an end region of tire density range if a printed patch 
corresponding to that end region exhibits a defect. 

Preferably, tire metitod comprises using a fine tuning wedge having nine 
patches at least some of which have densities covering the two end regions of 
the density range in steps. 
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In one embodiment of the invention, one of the patches of the fine tuning 
wedge has a density of 50%, the patches of a first group of the remaining 
patches have densities ranging from 1% to 7% in 2% steps and the patches of a 
second group have densities ranging from 93 to 99% in 2% steps. 

In another aspect, the invention provides a computer program adapted to 
perform the steps of the method accorciiiig to the invention when loaded into a 
computer controlled printing machined 

In a further aspect, the invention provides a computer program in accordance 
with the invention embodied on a computer-readable medium. 

According to yet another aspect, the invention provides a calibration tool for 
use in calibrating a computer controlled printing machine, which calibration 
tool comprises a step wedge provided with a series of colour patches having 
density values concentrated in a central region of the density range. 

According to yet a further aspect, the invention provides a calibration tool for 
use in calibrating a computer controlled printing machine, which calibration 
tool comprises a step wedge provided with a series of colour patches having 
density values concentrated at the end regions of the density range. 

In order that the invention may be more readily understood, an embodiment 
thereof will now be described in more detail, by way of example, with reference 
to the accompanying drawings, in which: 

Figure 1 is a very simplified block diagram illustrating the components of a 
computer-controlled printing machine; 
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figure 2 and 3 are graph, of do , gafa vasas 

4 is a graph showing dot gai „ ^ ^ 

afferent screen ruiinga, to resnits ^ ^ « 

betng ave rag ed to produce tte ^ ^ ^ ^ ^ ^ 

figure 5 is a graph showing b soM ^ , ^ 

it: :r — *-» — — ^ 
S ii:::rr c flow cte ^ ■ — — 



10 Figme " a computer — d • 

rinses an mp « scamer 2 fe ^ _ ^ ^ 

analysed J* *" ta * is 

auaiysed by the scaaner 2. The digital ffle „ passed t0 ffi ' 

computer 3 of the machine 1 which inter „/,- Processing 

wmcn, ; «fe, alia, serves to adjust the digital 

ztt; of *• ^ h viw ° f * e — — ^ it 

*«7 ma ^ ^-ofapHntingpiate which is in.ed 

- apphe, to a suhsfrate, such as paper, in a press 5 to prod uce a printed 
reproduction of the original image. 



WO 01/91453 



PCT/GB01/02248 



7 

The computer 3 has print control software 3B and a memory 3A. An 
input/output device 6 with a display screen 6A and a keyboard 6B forms an 
interface with the computer to enable data to be input to and displayed by the 
computer 3. 

f- 

The printing plate produced in the plate production stage 4 has an array of 
raised dots representing each pixel of the image to be reproduced. The 
proportion of the area of a pixel covered by dots on the plate determines the 
density of the corresponding area of colour on an image printed from the plate 
and varies from 0% to 100%. 

When the printing plate is inked and applied to the substrate in the press 5, the 
printed dots exhibit an effect called dot gain, whereby the shore line of the 
printed dots of ink spreads and thus increases the ink-bearing area of the pixels. 
For any given ink, the dot gain varies with the density of the pixel to be printed 
in accordance with a dot gain profile which rises progressively, but non- 
linearly, with increasing density from zero up to a maximum value near the 
middle of the density range and then progressively decreases again in a non- 
linear manner to zero as the density increases to a maximum. The dot gain 
profile also depends upon the particular ink being printed. This dot gain affects 
the transfer function of the printing machine and thus has to be taken into 
account when processing the digital representation of the image in the image 
processing computer 3 of the machine 1. To this end, the memory 3 A of the 
computer 3 stores standard dot gain calibration data in the form of a set of dot 
gain values each corresponding to a predetermined density value on a standard 
dot gain profile, which calibration data is intended to be applied to the digital 
image data from the scanner 2 to adjust the image data in the light of the 
anticipated dot gain profile in order to produce a printed image which is a 
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faithful reproduction of the original image. Such a standard dot gain profile is 
shown as curve 7 in Figure 5. 

Unfortunately^ dot gain profifc of new machines of the same model varies 
from machine to maohine, and also varies wiffi the age of me machine 
Consequently, the standaxd dot gain calibration data alone is incapable of 
provuhng prints of the required standard/As a result, it is eonventional to cany 
out an additional cahbration procepuf e prior to printing in an attempt to adjust 
the ca.ibn.tion dam to suit the actual dot gain profile of the particular machine 
1. Tins calibration procedure involves printing an image of a standard step 
wedge having a seqnenee of colour patches of different standard densities 
measuring the denary of the reaulting printed patches using a densitometer in 
the form of a reflection photometer, detennining the difference between the 
measured density data and the standard density data of the step wed«e and 
usmg this difference to adjust the dot gain calibration data in the image 
processing computer. 

The known additional cahbration procedure laeks consistency and accuracy 
and, as a result, the additional cahbration procedure often has to be repeater! 
several times using the newly adjusted cahbration data each time before an 
acceptable result can be achieved. 

Extensive research by me Applicant has revealed mat one factor responsible for 
the lack of accuracy m me additional cahbration procedure is the inherent 
maccuracy of the densitometer, particularly as used to measnre densities a. fire 
extreme ends of tire density range corresponding to highlights and shadows 
Tms mstrument inaccuracy arises fan tire +/- 1% accuracy of the actual 
measurement and the approximation inherent in the equation used to convert 
density into dot area. Tests carried out using yellow ink of weight 1.03 and 
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black ink of 1.87 (representing light and heavy inks respectively) and the 
known additional calibration procedure gave the results depicted in Figures 2 
and 3. These Figures show that, when plotted as a graph, each of the two sets of 
measured dot gain values formed an irregular profile 8 (Figure2) and 9 (Figure 
3). 

y 

Another factor that affects the accuracy of the known additional calibration 

/ 

procedure has been shown to be the fact that the dot gain profile increases 
overall with the screen ruling value with the value of the density at which the 
maximum dot gain occurs also moving as the screen ruling value is changed. 
Thus tests carried out by the Applicant have shown that the maximum dot gain 
occurs at a density of 50% for a screen ruling value of 175 but occurs at closer 
to 60% for a screen ruling value of 250. The test results indicate that the main 
contributing factor to this change in the shape of the dot gain profile is the 
frequency of the dots, which has an effect on the overall shore line or perimeter 
of the dots within the measured area. Tests using films of the 175 and 250 
screen samples enlarged times 4 to print on large format machines (at screen 
ruling values of approximately 43 and 62 respectively) were found to print with 
the same characteristics, the maximum dot gain for the 43 screen ruling value 
being at 50% density and the maximum dot gain for the 62 screen ruling value 
being closer to 60%. 

Tests were also carried out to determine whether dot gain varies with the 
weight of the ink being used. By way of example, the test results using 
magenta ink of different weights are tabulated below for the dot at 50% density 
and are typical of the results obtained using inks of different colours and from 
different manufacturers. 
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Ink Weight Dot Gain© 50% Difference Effect 



1.2 
1.3 
1.4 
1.5 



12% 
14% 
14% 
14% 



start point too light 
+2% 

+0% 



+0 % optimum 
16 15% , +0 % 



1.7 

J - 8 18% 



16% / 



+1% 

+2% too dark 



From these tests it was f oand ftat facreases „ ^ % ^ ^ 

we,gh, were substantia!* consisted, within the prince band of ink weights 
regardless of the colour or manufacturer. 

Further testa were carried ou. to investigate whether or no. inks of different . 
oolour exhi,* . dot gato ^ ^ ^ ^ ^ ^ 

&om the same test sheet printed using different ink weights on an SM74 press 
the measuring instrument being a Gretag densitometer. Tie res* for each 
colour were first averaged ,o obtain a set of four avemged individual oo.our 
profiles ,0 as shot™ in Figure 4. The resulting individual coiour profiles were 
afi averaged together to fonn a resultant average profile for an colours 
sho™, after smoothing, as sohd line 1, in Fignre 5 which also shows in 
broken line, the singie standard do, gain profile 7 supplied by tte 
aese result suggest mat all colours of ink print with basicaUy the same shape 
of do, gam profile but with a maximum do, gain at a denshy value which does 
no, coincide with the value indicated by the standard profile. 

In order to overcome the inherent inaccuracy of the known cahbration 
procedure as described above, a cahbration method embodying me present 
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invention employs a pair of calibration step wedges for carrying out respective 
main calibration and fine tuning procedures. Exemplary main and fine timing 
step wedges each comprise a series of ten colour patches of different density for 
each colour with each patch being in the form of a circle having a diameter of 
from 3.5 to 4mm. The patches of the main step wedge are concentrated in the 
middle of the density range, where the measurement accuracy of a densitometer 
is at its maximum, and the patches/ of the fine timing step wedge are 
concentrated at the extremities of the density range. An example of suitable 
patch densities for each of the two step wedges is given below: 



Main Step Wedge 


Fine Tuning Step Wedge 


100% 


99% 


42% 


97% 


44% 


95% 


46% 


93% 


48% 




50% 


50% 


52% 


7% 


54% 


5% 


56% 


3% 


58% 


1% 



The above density values for the step wedges are given merely by way of 
example and other values could also be used. For example, the main step wedge 
could have one patch with a density of 100% and the remaining nine patches 
with densities ranging from 30% to 70% in 5% steps. 

Referring now to Figure 6, in carrying out a calibration method embodying the 
present invention, a first step SI of a main calibration procedure is to place the 
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»ain *ep wedge h, the ^ of fte J M ^ 
de-d ^ e ftont the priated job . Ue jQb „ ^ 

J- va.es of the prhated Mpy ottbe ^ ^ ^ _ J>J * 
^^^^^^^^^^^ 
A of fce counter faclndes caiibrati W ^ . 
detennnre ftom ^ ffieasured ^ ^ rf ^ P 

nreasured do, gain, in step S4 t0 fomulate . ^ ^ * 
^es Meshape ^ estotoddot ^ proffleta ^ affl ^J 

, , eona, «o toe ntaxhnun, measured do( ^ ^ ^ . . 

,sed do, gam values for fte predete[mked 
*- profi. aod in step S 6 ,o wrhe the revised dot gah ^ ^ 

!T, g : ^ of ae **** "-*» ** *- «w «, 

place of the do, gam values of the standard do, gain profile. 
The do, gain settings „ btained &om ^ ^ 

^fined by naeans of a fine toning canoration in which: in step S.O the fine 
^ -P wedge is p,aced in the goder of dae prin « Joh and the Job ie printed 
w-h the m am cahhrafion settings, ha step SU the printed joh b then visual* 
utspected for broken do, on highfight and fiihng to on shadow. U defects are 
detecte* changes can be naanuany entered into dte confer 3 in step S12 via 
^ration software to adjust the do, gain settings for either or both of 4 e 

shadow regl0 n (densi* vaine of 9 9% „ ^ upper ^ ^ J 
ntcrenrents of 0, % mm tte desired ^ m . ^ J > 
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the extreme dot settings is reflected throughout the range but with decreasing 
effect towards the middle of the density range. 

A calibration method embodying the invention is able to provide data 
correction for a number of printing applications and is able to be used with a 
wide range of equipment. The method enables consistent printing results to be 
obtained regardless of the age or manufacturer of the printing machine and can 
match the printed results of CTP to film. Moreover, the method enables higher 
screen rulings to be printed with ease. Since the method does not require test 
plates, being set up via a step wedge placed in the gutter of a real print job, it is 
user friendly and enables easier matching of proofs. 

In the present specification "comprise" means "includes or consists of 1 and 
"comprising" means "including or consisting of 1 . 

The features disclosed in the foregoing description, or the following claims, or 
the accompanying drawings, expressed in their specific forms or in terms of a 
means for performing the disclosed function, or a method or process for 
attaining the disclosed result, as appropriate, may, separately, or in any 
combination of such features, be utilised for realising the invention in diverse 
forms thereof. 
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CLAIMS 

>• A method of catering . computer-conuolled 

produce printed copies of an original image ,„ i'_ L ? " '° 

Z toeSet, ° d0,g ™^-««op K .de temi nI 
C I ' " ^ ^ Pr ° ffle; *»— « - — do, gam 

to equal to the maximum measure ,w 

* is located a, me denai, «ng me maxim ~ d 1^ 

the reused dot gam profile; and setting fte dot gain values »«,„•,■ 
-cotueiuaccotdtmcewifitthereviseddotgainvalues. ^ 

1 paten:?; T OTding 10 ^ * - saving 

ten patches at least some of which foim a serie, nf + u , 

va.esoo.ring ^ ~» 

^e s ™gmgfiom^J 8% ^:^^^P--ave 

1 of 1 meth0d aCCOldiDS 40 Ciata 2 US »* * ** in which 

deusit I esraugmgfrom30%to70%in5% s ,ep S . 
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5. A method according to any preceding Claim, comprising placing the step 
wedge on a portion of the print job in an area outside the image area and using 
the machine to produce a reproduction of the image plus step wedge. 

6. A method according to any preceding Claim, further comprising the 
steps of: using the printing machine to printa reproduction of a fine tuning step 
wedge, having patches with ranges of density values concentrated at the end 
regions of the density range, with the revised dot gain values determined from 
the measurements on the main step wedge; visually checking the patches 
printed by the machine for defects; and adjusting the dot gain values of the 
revised dot gain profile at an end region of the density range if a printed patch 
corresponding to that end region exhibits a defect. 

7. A method according to Claim 6, comprising using a fine tuning wedge 
having nine patches at least some of which have densities covering the two end 
regions of the density range in steps. 

8. A method according to Claim 7, comprising using a fine tuning wedge in 
which one of the patches has a density of 50%, the patches of a first group of 
the remaining patches have densities ranging from 1% to 7% in 2% steps and 
the patches of a second group have densities ranging from 93% to 99% in 2% 
steps. 

9. A computer program adapted to perform the steps of the method 
according to any preceding Claim when loaded into a computer-controlled 
printing machine. 

10. A computer program according to claim 9 embodied on a computer- 
readable medium. 
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13. A oaUbration tool according ,„ c 

Modes one patoh having a density „f 100 ./ „ *" ™* 

winch cahhranon tool comprises a step wedge provided with . series 

iicr" havbg - * - -~ : 
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